Background Arthroscopically assisted anterior cruciate ligament reconstruction using a bioabsorbable tibial fixation screw is occasionally complicated by pretibial cyst formation. The few case reports describing pretibial cyst formation noted several graft types and fixation techniques, making it difficult to establish one etiology. Some literature suggests cysts form from communication between the joint and pretibial area leading to extravasation of joint fluid, maturing into a cyst. We propose the development of cysts after PLLA screw use may be related to a foreign body reaction. Questions/purposes We propose this foreign body reaction (1) relates to the biochemical breakdown of bioabsorbable materials; and (2) differs from cystic formations resulting from joint communication. Methods We retrospectively reviewed seven patients who developed pretibial cysts at least 2 years after original primary ACL reconstruction surgery. MRI was used to visualize the extent of cystic formation. Cysts were treated by débridement with specimens sent for histologic analysis. Cyst appearance had a 3-year incidence of 5%. Results No cyst had an infectious etiology. In all cases, the tibial screw outline was present on MRI, although intraoperatively, the screw was substantially decomposed. Grafts were well incorporated and none of the knees demonstrated anterior laxity. Histologically, cyst material contained fragments of PLLA surrounded by foamy histiocytes, suggesting a foreign body reaction. No cysts recurred. Conclusions Tibial cysts occur in a subset of patients undergoing ACL reconstruction using a bioabsorbable PLLA interference screw. We suspect they arise from a foreign body response to the screw breakdown. Removal is well tolerated.
Introduction
Over the last few decades, arthroscopically assisted ACL reconstruction has become a widespread operation resulting in pain relief and improved knee stability and ROM. The procedure is, nevertheless, fraught with potential complications, including, rarely, pretibial cyst formation. Case reports have mentioned cyst formation in the tibial tunnel after ACL reconstruction [4-6, 8, 9, 13-15] . These reports suggest several different graft types and fixation techniques preceding cyst appearance, making it difficult to establish one specific etiology for the emergence of the cyst. Several studies [14] [15] [16] propose that cysts form as a result of communication between the joint and pretibial area that leads to extravasation of joint fluid, which then Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. Each author certifies that his or her institution approved or waived approval for the reporting of this case and that all investigations were conducted in conformity with ethical principles of research.
matures into a cyst. Another study has suggested bioabsorbable screw breakdown incites an inflammatory reaction [15] . We posit that the development of cysts may be related to a foreign body reaction based on clinical presentation, radiographic and intraoperative evaluation, and histologic analysis of specimens.
Specifically, we propose that this foreign body reaction (1) relates to the biochemical breakdown of bioabsorbable materials; and (2) differs from cystic formations as a result of joint communication.
Patients and Methods
We retrospectively reviewed seven patients (mean age, 39 years; range, 22-57 years) ( Table 1 ) diagnosed with pretibial cyst formation after arthroscopically assisted ACL reconstruction with a hamstring autograft or allograft. During the time period between the initial reconstruction surgeries (arbitrarily set between January 1, 2003, and December 31, 2006) and the appearance of all the cysts, one author (WNL) identified the development of seven cysts (5.0%) out of 140 primary arthroscopically assisted ACL reconstructions. Of the seven patients who developed cysts, four reconstructions had been completed with allograft tissue and three were completed with hamstring autografts (Table 1) . Of the 140 patients, 21 (15%) had received allograft and 119 (85%) had received autografts with an incidence of cyst development in each group of 19.0% and 2.5%, respectively. Allografts were subjected to low-dose gamma irradiation and antibiotic solution soaking according to the manufacturers' sterilization techniques (Osteotech, Eatontown, NJ; Musculoskeletal Transplant Foundation, Edison, NJ). All grafts had been secured in the tibia with an Arthrex Cannulated Delta Tapered Biointerference Screw (Arthrex Inc, Naples, FL) composed of 100% noncrystalline poly-L-lactic acid (PLLA) with no intra-articular penetration as documented during followup arthroscopy. The minimum followup after cyst débridement was 5 months (mean, 6 months; range, 5À6 months) ( Table 2) . No patients were lost to followup.
Results
Patients presented after the emergence of an enlarging, anteromedial, often painless (five patients without pain, two patients with tenderness) mass near the pretibial tunnel entrance 2 to 3 years after reconstruction ( Table 1 ). The size of the mass varied from 2 to 5 cm. Patients denied symptoms of infection such as fevers, chills, or local erythema. Physical examination was notable for soft tissue fullness over the pretibial area, no erythema, and tenderness in two patients. Laboratory tests, including complete blood cell count, erythrocyte sedimentation rate, and C-reactive protein, were normal in all patients. Radiographs demonstrated tibial tunnel widening ( Fig. 1) , whereas MRI showed multiloculated cyst tracking from the tibial screw into the soft tissues and fluid within the tunnel (Fig. 2AÀB ). Incisions were made over the tibial tunnel, yellowish gelatinous matter was expressed and, macroscopically, the absorbable screw was in its resorptive phase interlaced with cyst material (Fig. 3) . Diagnostic knee arthroscopy revealed intact ACL grafts (Fig. 4) . The femoral tunnel did not look excessively widened.
Histology (Table 2) showed multiloculated cysts in aponeurotic tissue and adipose tissue with histiocytic infiltrate around the PLLA debris with surrounding acellular cystic material. The debris appeared embedded in fragmented collagen surrounded by macrophages and was birefringent under polarized light, signifying the presence of fragments of the PLLA screw (Fig. 5AÀB ). Residual layers of collagen still attached to the lining with foci of collagen degeneration surrounded by foamy histiocytes (Fig. 5CÀD) suggested the cysts were borne of fragmented collagen in the midst of particles of PLLA. On average, cysts have not recurred for at least 5 months after débridement. 
Discussion
We describe seven cases of pretibial cyst formation after use of a bioabsorbable interference screw composed of PLLA and propose how this foreign body reaction (1) relates to the biochemical breakdown of bioabsorbable materials; and (2) differs from cystic formations resulting from joint communication.
There are limitations to this study. First, the graft type used was not uniform and we solely used hamstring grafts. The use of allograft or autograft or other graft sources such as bone-patellar tendon-bone may influence cyst development. The number of cysts we saw was too small to draw definitive conclusions about these relationships. Second, we did not obtain 2-to 3-year followup on all 140 patients nor after the initial cyst removal. Some cysts may have occurred in patients who were lost to followup. Our results therefore represent the minimum possible cyst incidence in our cohort. As of January 2010, no patients have returned with development or redevelopment of cysts. Third, although we believe these cysts are caused by a foreign body reaction incited by bioabsorbable screw fragmented particles, one cannot infer a causal relationship given the small number of patients, use of only light microscopy, and lack of biochemical analysis.
Pretibial cysts are a known complication of arthroscopically assisted ACL reconstruction, reported to occur 3 to 4 years postoperatively [14] , but their mechanism for development remains unclear. Proposed etiologies often invoke extra-articular leakage of joint fluid through the tibial tunnel [16, 17] caused by graft-tunnel diameter mismatch [14] , eccentric placement of graft in the bone tunnel [17] , intraosseous graft necrosis [16, 18] , breakdown of bioabsorbable interference screw [15] , and micromotion of graft leading to tunnel expansion [14] [15] [16] . One study proposed that bioabsorbable screw breakdown incites a foreign body reaction [15] . Our study, at least histiologically, supports this notion.
Several bioabsorbable screw materials exist, including polyglyconate (PGA) [1] , poly-D-L-lactide (PDLLA), polylactic-co-glycolic-acid (PLGA), and composites of PLLA. These bioabsorbable materials pass through five stages of degradation: hydration, depolymerization, loss of mass integrity, absorption, and elimination [12] . During degradation, once the screw has been hydrolyzed, it fragments. These particles then undergo phagocytosis by macrophages. Notably, hydrolysis itself may release acid products harmful to surrounding tissue. Material composition of the screw therefore likely has an effect on degradation rate and absorption and possibly cyst development [17] . Indeed, factors such as polymer crystallinity, isomeric composition, and degradation rate reportedly affect cyst formation [18] .
Although PGA and PLLA have been used with good clinical results [10] , they have different degradation characteristics. Earlier orthopaedic implants made of PGA placed in high mechanical stress areas rapidly degraded [18] and in some cases lead to the creation of sterile cysts in the implant-adjacent bone [18] . Polylactic acid implants with greater strength and slower degradation were developed to mitigate this clinical problem [18] . Similarly, device design has integrated varying levels of crystallinity, promoted d-isomer structures as well as incorporated phosphate buffers to ensure more gradual degradation and slower release of acid byproducts. More recently, calcium phosphate has been incorporated into screw design to improve biocompatibility and encourage new bone formation [7] . PLLA is purported to have slower rates of absorption and fewer complications than PGA. The theoretical advantage of slower absorption is diminished inflammation, which may curtail cyst formation [17] . Bostman reported a 5.3% incidence of aseptic foreign body reaction after PGA device implantation versus 0.2% rate with PLLA [3] . Studies in rabbit femurs failed to reveal widespread inflammatory reactions to PLLA implants [11] . Slowly degrading bioabsorbable composites, however, may decompose into smaller fractions that may incite delayed nonspecific foreign body reactions. Bostman described biopsy specimens from PGA screw implant inflammatory tissue showing a nonspecific foreign body reaction composed of neutrophilic polymorphonuclear leukocytes and giant cells phagocytizing polymer debris from decomposing implants [2] . Although the study looked at PGA screws, it is reasonable to infer that PLLA particles exert a similar effect. In our study, histologic analysis showed a foreign body reaction of foamy histiocytes surrounding PLLA debris and fragmented collagen. Our results support the findings of Tsuda et al. [15] , whose histologic sections showed foreign body reaction to the degrading screw involving crystalline fractions of screw material with aggregated histiocytes.
Several authors advanced the idea that cysts may be related to pretibial communication with the joint before or after screw breakdown [15] . However, all fluid collections after screw implantation do not mature into cysts. Small fluid collections in the osseous tunnels commonly occur after ACL reconstruction. Sanders reported such collections resolved in seven of eight patients by 18 months postoperatively with no cyst formation in any patients [13] . Also, many screws are cannulated, so communication between the joint and pretibial area likely exists in all patients for at least several months to years afterward. Nevertheless, the majority of patients do not develop cysts.
In our cohort, the incidence of cyst formation was 5% occurring 2 to 3 years after reconstruction. The pattern of cyst appearance suggests it arose neither as a consequence of preexisting communication between the joint and pretibial area (leading to earlier cyst formation) nor from micromotion forming a larger tunnel (leading to more gradual, progressive cyst emergence). Furthermore, arthroscopically, we noted no cysts at the upper end of the tibial tunnel, and tendon probing revealed no cystic fluid. To our knowledge, no cysts recurred once the screw material was removed despite the existence of communication between the joint and pretibial area. The presence of screw material, therefore, had to play some part in cyst formation.
Given the number of ACL reconstructions performed with bioabsorbable screws and the infrequency of symptomatic cysts, there may be something particular about patients who develop them. Although PLLA appears well tolerated with little inflammatory response both experimentally and clinically, these patients may have greater sensitivity to it. Alternatively, they may have greater sensitivity to foreign body particles of a certain size. The factors that predispose to development of a sterile inflammatory reaction remain unclear. Future research should continue to delineate effects of biomaterials on screw degradation rates and cyst formation. Pretibial cysts should be considered a possible complication of ACL reconstruction surgery when tibial fixation is planned with bioabsorbable screws. Cyst and screw fragment removal is well tolerated and relieves symptoms.
